Technique
Evidence tTTA Level 4 -four studies Level 3 -three studies TTAR Level 4 -five studies 
PICO question
In dogs with cruciate disease, is the use of TTA Rapid (TTAR) compared to traditional TTA (tTTA) associated with a higher risk of tibial diaphyseal fractures?
Clinical bottom line
Based on studies published between January 2013 and January 2018, the rate of tibial diaphyseal fractures as a complication of Tibial Tuberosity Advancement Rapid (TTAR) surgery is within the published limits of traditional Tibial Tuberosity Advancement (tTTA). In this period, seven studies were related to tTTA, comprising of four; one case series, two retrospective case-control studies, and one retrospective cohort study. Five case series were related to TTAR. All evidence within this period has been observational (Level 3 and 4 evidence). No direct head-to-head comparison between the techniques has been studied.
Intervention details:
 All dogs received plated TTA by the same surgeon.  Dogs with meniscal pathology were partially or completely resected. Dogs with intact meniscus were left in situ.  Consecutive records were plotted retrospectively using cumulation summation technique (CUSUM) to measure cumulative success for clinical audit and competence of a single surgeon over time.
Study design: Retrospective case series
Outcome studied:  Cumulative success rates of a single general practitioner surgeon.  Major and minor complication rates.  Partial meniscectomy performed in cases of meniscal injury.  All dogs received plated Securos Surgical TTA XGEN system.  All dogs received autologous cancellous bone graft into osteotomy space.  All dogs received exercise restriction for 6 weeks.
Study design: Prospective case series
Outcome studied: Complications, lameness, thigh circumference, range of motion, radiographic osteoarthritis at 6 weeks, 6 months, and 1 year.
Main findings: (relevant to PICO question):
Postoperative complications 8/24 (33.3%)  SSI 2/24 -resolved with antibiotics.  Fracture of tibial tuberosity 1/24.  Recurrent lameness 6/24 dogs -responded to conservative management. PICO -0 dogs had tibial diaphyseal fracture.
Limitations:
 Very small sample size.  Utilised thigh circumference (TC) and range of motion (ROM) as a measure of limb use, as opposed to peak vertical forces.  Postoperative rehabilitation was performed on some dogs and not others, which may influence TC and ROM.  Clinical outcomes were subjectively measured using lameness score.  Follow up radiographic signs of osteoarthritis were measured subjectively by one certified radiologist. 
Study design: Case series
Outcome studied: Subjective evidence of lameness and complications by clinical assessment at 3 months, and validated questionnaire at >6 months postoperatively.
Main findings: (relevant to PICO question):
 Outcome was considered clinically satisfactory in 99% of 135 dogs 3 months postoperatively and 86% of 108 dogs in owner questionnaire.  44/152 (29%) of stifle joints had medial meniscal injury requiring meniscectomy  9/108 (8%) developed late meniscal injury  3/152 (1.97%) stifle joints developed SSI treated adequately with antibiotics  2/152 (1.3%) developed fracture of the tibial tuberosity  Tibial osteotomy gap healed at a mean and median of 7.94 and 7 weeks. PICO -1/152 (0.66%) developed tibial diaphyseal fracture treated by internal fixation.
Limitations:
 Medium term follow-up was conducted using ownerassessed questionnaire.  Outcome was based on subjective clinical exam.  Number of cage size and number of breeds were reported but not correlated against each other.  No control group for comparison.  All dogs received amoxicillin clavulanic acid 8.75 mg subcutaneously preoperatively.  All dogs received TTAR surgery.  All dogs received meniscal release.  All dogs received hydroxylapatite bone paste onto osteotomy gap.  All dogs had external coaptation for 2-3 days postoperatively.  All dogs received postoperative antibiotics for 5 days.
Study design: Prospective case series
Outcome studied: Outcomes, minor and major complication rates.
Main findings: (relevant to PICO question):
 42% of dogs had medial meniscal injury.  All owners were satisfied with outcome of surgery.  Subjective assessment at 3 months postoperatively showed 28 dogs (56%) had an excellent outcome, 20 dogs (40%) had a good outcome and two dogs (4%) had a moderate outcome (one clinical healing and one complete healing of the osteotomy).  15/50 (30%) of dogs had undefined minor complication (undefined).  2/50 (4%) dogs developed tibial tuberosity fracture; only one required surgical revision.  PICO -0% of dogs developed tibial diaphyseal fracture
Limitations:
 Postliminary meniscal injury not reported.  Unclear if SSI did not develop or was unreported.  Small sample size.  Short follow-up times (3 months).  Not tested against a control group.  Not all dogs received surgery with the aid of a saw guide.  Outcome was based on subjective clinical exam only.  Conflict of interest that the developer of the technique is also the primary author.
Dyall & Schmokel (2017) TTAR
Population: Small breed dog -mean weight 9 kg (4.8-15 kg) 
Study design: Case series
Outcome studied: Minor complications and major complications. Lameness and pain assessment 1, 2 and 3 months postoperatively.
Main findings: (relevant to PICO question):
 Minor complication rate was 25%.  Major complication rate is 17.6% (4/17 dogs).  Tibial crest fracture occurred in 2/17 fractures; only one required surgery. fracture.
PICO -0/17 stifle joints receiving TTAR resulted in tibial diaphyseal

Limitations:
 Meniscal findings and injury rate not reported.  Minor complications were not defined.  The outcomes were measured subjectively using visual analogue scales. A clinician was used to assess outcome with blinding and control but the control was not defined.  Competency of the surgeon was not defined (specialist vs. resident vs. general practitioner).  This study has a very small sample size for assessment of complication rates.  There is no control group to assess if there would be improvement with no treatment. 
Study design: Case series
Outcome studied: Outcome, major and minor complication following repair of tibial diaphyseal fracture secondary to complication of plateless TTA techniques. Fractures through the distal hinge were considered as tibial tuberosity fractures across the TTAR studies (Butterworth & Kydd (2017) , Samoy et al., (2015) , Dyall & Schmokel (2017) , Arican et al., (2017) ). Despite the added risk of the distal hinge fracture for TTAR, the tibial tuberosity fracture rate of 0. 
